The first and second laws of thermodynamic were applied to statistical databases on nutrition and human growth in order to estimate the entropy generation over the human lifespan. The calculations were performed for the cases of variation in the diet composition and calorie restriction diets; and results were compared to a base case in which lifespan entropy generation was found to be 11 404 kJ/K per kg of body mass, predicting a lifespan of 73.78 and 81.61 years for the average male and female individuals respectively. From the analysis of the results, it was found that changes of diet % of fat and carbohydrates do not have a significant impact on predicted lifespan, while the diet % of proteins has an important effect. Reduction of diet protein % to the minimum recommended in nutrition literature yields an average increase of 3.3 years on the predicted lifespan. Changes in the calorie content of the diet also have an important effect, yielding a % increase in lifespan equal or higher than the % reduction in the diet caloric content. This correlates well experimental data on small mammal and insects, in which lifespan has been increased by diet restriction.
Introduction
Living organisms, like humans and other mammals, constantly need to expend energy to perform physical work, to maintain body temperature in the presence of heat exchange to the environment and to produce, transport, and replace molecules that are their constituents. This energy is provided by oxidation of organic substances: Carbohydrates, fats, and amino acids, primarily introduced to the organism by feeding. Unlike conventional heat engines where the chemical energy is first converted into thermal energy and then into mechanical work, living organisms are able to convert part of nutrients' chemical energy directly into work. This is possible because the oxidation of nutrients inside the organisms, known as metabolism, proceeds through many steps allowing the capture of some of the energy in an intermediate chemical from (adenosine triphosphate or ATP) which is used almost exclusively by living things [1] for direct conversion into mechanical energy as well as for promoting many biological reactions.
In 1780, Lavoisier and Laplace measured the "heat production" of mammals by calorimetry and demonstrated that for a given nutrient both animal metabolism and combustion consumed similar quantities of oxygen [2, 3] . Numerous experiments in humans and mammals have confirmed that thermal energy production by oxidation of carbohydrates and fat in the body is the same as the heat of combustion of these substances. Consequently, the quantity of nutrients metabolized by an organism, hence its energy input, can be estimated by measurements of breathing O 2 and CO 2 , and the knowledge of the chemical composition of food intake.
Experiments in which the energy from food metabolism was measured and compared to the work output confirmed the efficiency of muscular work is fairly consistent at 25-30 percent [1] . This is expected because in order to convert all the available energy into work the body would have to consume the food reversibly, which implies that it would have to operate infinitely slowly; but organisms must perform work over finite periods of time. An efficiency of 25-30 percent, established over the course of evolution, seems to yield the best compromise between available energy, the biochemical engine process, and the need to ultimately perform physical work. It also implies that 75-70 percent of the food energy is disposed by outflow advection, or as heat.
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The previous concepts introduce fundamental relations between life, energy, and thermodynamics. One defining characteristic of living organisms is that they thrive on irreversibility. Thus they are not in thermal, chemical, and mechanical equilibrium with their environment. In order to sustain the process of life, organisms consume high-energy nutrients irreversibly, thus generating heat and entropy, but entropy is also transferred to the environment through various waste streams (advection) including perspiration and heat transfer via the skin, in order to maintain the biological system at fixed thermal state. If one can track the entropy generation rate per unit mass (σ m , kW/kg K) of the biological system (BS) with time (aging) and estimate the integrated value
then σ m (t) continues to increase with time as long as the organism performs its life sustaining functions involving irreversible processes. This provokes the following: questions Is there a lifespan entropy limit? Is the process of life subject to an end similar to "the heat death of the universe" predicted by Rudolph Clausius in 1851, using lifespan energy consumption limit?
Several research efforts had presented both methodologies and results for the estimation of entropy generation during human lifespan. The main idea proposed by most of these investigations is that entropy can be related to aging through irreversible cell damage, entro pic aging or thermal denaturation, which indicates structural changes with heat thereby affecting the performance of cells. The studies also suggest that there is a limit of entropy generation that can be correlated to lifespan. The most relevant of those investigations are presented in the Literature Review section.
In general, published literature on human entropy generation relied on (2) experimental calorimetric measurements or allometric laws to account for metabolic rates and (2) energy/entropy balances in a control volume around the human body. This approach is straightforward from thermodynamics textbooks, and its results are comparable among all investigators. Our approach is rather different and is based on an availability analysis of the biochemical reactions of metabolism. In principle, life is supported by the energy provided by nutrients. If we account for the entropy generated during the metabolism of said nutrients, we potentially obtain, after some simplifications, a good approximation of the entropy generated by the process of supporting life. What is needed is an estimate of entropy generated during metabolism, including the effect of metabolic efficiency and the amount of energy required by an average human over the lifespan. The chemistry of metabolism is very well understood, and the energy requirements or food intake in humans have been extensively studied. Consequently, we have reliable information to estimate entropy generation.
The following section presents a literature review of previous investigations relevant to entropy generation in humans. Then we introduce our methodology, approximations, and calculation method. They are briefly presented here in order for this paper to be self-contained, but details were published in a previous work [4] . The results section presents the effect of diet composition and caloric restriction diets in the entropy generation in humans and compares it to the base case from our previous work. Finally, the Conclusions section summarizes our findings.
Literature Review
Hershey [5] and Hershey and Wang [6] estimated the entropy generation during human lifespan. They rationalized that for a human in resting conditions; most of the energy output from the metabolism of nutrients appears as heat, and therefore entropy generation can be approximated by the Basal Metabolic Rate (BMR) divided by the average body temperature. They also estimated the entropy exchange with the surrounding by the change of entropy in the breathing air, but it turned out to be only 2% of the "internal entropy", or entropy generated by BMR.
Hershey and Wang used BMR correlations from several sources (Shock, Robertson and Reid, and Boothby among others) and data of expected lifespan from insurance companies. They also built a whole-body calorimeter to measure heat transfer to the environment and verify BMR. Their calculations indicated that entropy produced during over lifespan was 10 025 KJ/kg K for males and 10 678 KJ/kg K for females. They defined several useful concepts like entropic age, expected lifespan, and senile death and suggested that it is not the total entropy produced during lifespan, but the rate of change on entropy production, what define the senile death. Their work is a comprehensive attempt to estimate lifespan entropy on humans. However they used BMR to estimate body entropy generation, and BMR is a resting (laboratory) metabolic rate that can differ significantly from actual (field) metabolic rates, where levels of physical activity are accounted for. Moreover, due to the difficulties associated with indirect calorimetry methods like oxygen and respiratory quotient (RQ) the effect of the diet composition on the entropy generation was not studied.
Aoki [7, 8] investigated the entropy characteristics in human body under basal conditions and the effect of exercise, chills, and malarial fever on entropy generation. He used calorimeter experimental data from previous investigators and added the effects of heat transfer by radiation, convection, and evaporation. He also used two different body temperatures: skin temperature for heat transfer calculations and rectal temperature for internal entropy generation. Aoki found that mild and violent exercise increased entropy generation approximately 2 and 7 times, respectively, and the effect of chills and fever on entropy generation is similar to that of mild exercise. Aoki presented data for entropy production as a function of age [9] though he did not calculate entropy generation over the whole lifespan. An extrapolation of his data for basal metabolism entropy gives a value of approximately 8000 KJ/kg K.
Batato et al. [10] presented a second law analysis in which a model of the human body was established using nuclear magnetic resonance. The terms required to perform an energy balance (heat transfer, metabolic rates, etc.) were measured in test individuals.
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Batato et al. proposed that entropy generation in the human body could be divided in 3 stages: childhood (growing), healthy adult and elderly. The work was then focused on measuring the entropy on individuals in the healthy adult stage where entropy generation due to internal irreversibility was assumed to be zero and all the entropy produced was due to heat transfer, nutrient absorption, refuse rejection, and so forth. Experiments were performed over very short periods of time resulting in entropy values from 1.3 KJ/K to 11.57 KJ/K with no mass data being reported. Assuming 70 kg per individual and averaging the entropy values obtained (6.92 KJ/K), the entropy generation per kg of body mass obtained by Batato et al. is roughly half the value presented by Hershey and Wang [5, 6] .
Rahman [11] calculated entropy generation in humans using the same approach as previous investigators but with a comprehensive mathematical model for the entropy fluxes. He accounted for free and forced convection at different air speeds, mass influx and outflux (food, water, air, waste, etc.), physical activity levels, and even for the effect of clothing. He also accounted for two body temperatures, skin and rectal, using a correlation between them to obtain a truly average body temperature for the internal entropy generation. His results were, in general, one order of magnitude higher than those of Hershey and Aoki, though they followed the same trend.
Annamalai and Puri [12] used first law analysis to obtain metabolic scaling law for biological systems and used second law to estimate entropy generation for an average human and predicted a lifespan of 77 years assuming the maximum entropy generation during as 10 000 KJ/kg K.
Scaling laws (allometry) seem to describe physiological phenomena such as metabolic scaling on living organisms, but opponents of the theory argue that there are many complex factors that need to be accounted for and cannot be captured by a simple allometric equation. Supporters, however, argue that organisms evolve into configurations that maximize efficiency, reduce entropy, and naturally fall into a very narrow range of the metabolic scaling. The Constructal Design Principle proposed by Bejan [13, 14] shows how some optimal geometric forms scales to the 3/4 power of their size, and explain why and how natural occurring structures (tree branches, river deltas, vascularized tissue, lightning) repeat themselves in nature.
Silva and Annamali [4] used availability analysis and the chemical reactions for metabolism to estimate entropy generation. The hypothesis is that when a CV is drawn around the human body with the boundary selected just inside the skin, so as to eliminate external irreversibilities, entropy generated can be determined by using the availability and entropy balance equations, which accounts for mass fluxes (in/out); however an alternative method would be to consider that all the activities performed by the body require energy produced by metabolism, and consequently, the entropy due to metabolic reactions should give a good approximation of entropy generated within the human body. The hypothesis presumes that nutrients not metabolized leave the system without significant change in entropy and that differences between the entropy inflow/outflow of water and air are small, as demonstrated by previous studies. Instead of the BMR, Silva et al. used the Estimated Energy Requirements (EER) from the U.S. Food and Nutrition Board (U.S. FNB) for the metabolic rates, accounting indirectly for the physical activity level (PAL), deposition of new tissue, thermal effect of food, and thermoregulation inside the individuals. Entropy generated over the lifespan of an average person was estimated to be 11 404 KJ/kg K, with a rate of generation three times higher on infants than on elderly. This value is 10% to 15% higher than previous estimations from Hershey and Wang, Aoki, and Annamalai, but this was expected as the more realistic metabolic rates (EER) were used.
The approach used by Silva et al. differs from previous studies because it accounted for ATP production and considered EER (hence PALs), diet composition, and diet caloric content. A base case for the 50% percentile U.S. male and female individual was presented, as well as the PALs effect on lifespan entropy generation. In the current work, we focus on the other two aspects of the calculation, namely diet compositions and caloric restriction diets.
Methodology and Approximations
3.1. Thermodynamics. Our methodology is based on the energy and entropy balance equations as
where Q cv , W cv , E cv and S cv are the heat, work, total energy, and entropy in the Control Volume (CV), respectively. Also, m k is the mass flux of species k in and out of the CV while e T,k and s k are the specific energy (including enthalpy, kinetic and potential energy) and the entropy of species k. Equation (2) use the concepts of energy conservation and entropy balance equations. When these equations are combined the availability equation is obtained:
where T 0 is the boundary temperature of the surroundings, and T is the temperature of the system of interest. The subscripts (CV) and (R) in (3) correspond to the control volume and thermal reservoirs, respectively. The flow stream availability (ψ) of the inlet and exit is defined in (4) . Under normal conditions, human beings and other large organism cannot tolerate changes of body temperature 4 Journal of Thermodynamics of more than a few degrees [15] and can be considered isothermal, thus when the CV includes boundaries within the skin, T 0 −→ T R , and the first term of (3) disappears. Assuming chemical reactions inside the body to proceed at constant temperature and pressure and neglecting potential and kinetic energy, then the stream availability in equation (4) becomes
with the Gibbs function g k , or free energy for species k, defined as
For a reacting system with k species, the total Gibbs function for the reactants G r and products G p is the sum of the contributions of each species. It is observed that for naturally occurring reactions, G p < G r . Thus a reduction in the free energy indicates a spontaneous reaction while an increase means that work (or energy) should be added to such reaction to proceed (e.g., many biological reactions with input of energy from ATP). For any given reaction " j" in an ideal mixture, the change in Gibbs's free energy is given as
The first term on the right is much larger than second term, so, assuming no significant changes in the concentrations X of the reactants and products:
the change in free energy will allow us to find an approximate value of the entropy generation during the metabolism of nutrients.
Metabolism and Nutrients.
Let us first consider the overall oxidation of glucose, a typical carbohydrate:
where ΔG c is the change of free energy for a pure combustion process in which most of the energy is converted to random thermal energy (i.e, entropic heat) in a rather rapid reaction. Cellular respiration breaks the above process into several steps involving small changes in energy and therefore small releases of entropy, so the overall process gains a great deal in efficiency [16] . The metabolic reduction of glucose, a typical carbohydrate, through the Krebs Cycle can be summarized as 
where ΔG m is change of free energy for a reaction involving the production of ATP molecules. Then the work potential of ATP is
The chemical energy in the form of ATP is used in the body for muscular work, osmotic work, and the synthesis of new molecules, among others functions. ATP is the "energy currency" of the living organism, and it is through the free energy released by the conversion of ATP to adenosine diphosphate (ADP) that the cells can perform nonspontaneous reactions required to maintain life, for example, ion transport against concentration gradients.
Considering glucose oxidation, the metabolic efficiency is defined as
It is apparent that only a part of the available energy has been converted into chemical energy within the ATP molecules.
The difference is wasted as entropic heat. Nutrients are modeled as carbohydrates, fats, and proteins, whose main properties are shown in Table 1 . Carbohydrates in the form of glucose (C 6 H 12 O 6 ) constitute the major fuel of most living organisms. One molecule of glucose produces between 30 and 32 molecules of ATP as indicated in (9) , resulting in a metabolic efficiency of 34.6%.
Fat is the principal stored form of energy in many organisms. The amount of fat stored in a human adult of normal weight ranges from 6 to 20 kg and provides a large energy buffer capacity as well as the ability to survive extended periods of severe food deprivation [17] . The metabolism of one molecule of fat (palmitic acid) produces 106 molecules of ATP, preserving 32.2% or the energy available from the complete oxidation of the nutrient.
Proteins are the most abundant biological macromolecules, occurring in all cells and all parts of the cells. Proteins are composed of combinations of 20 standard components called amino acids, and they provide the blocks for synthesis of the specific molecules required by the organism.
Following biochemistry literature [17] we estimated the quatities of ATP molecules generated by the molecular respiration of each amino acid (in the acid cycle); then, using the average percentage of occurence of each amino acid in proteins, we calcualted the ATP production for an average protein. Details are given elsewhere [18] ; then a weighted average of ATP molecules per amino acid was obtained. Details are given elsewhere [18] . It was found that metabolism of the average molecule of amino acid generates 8 ATP molecules, rendering an efficiency of 10.4%. It is interesting to note that efficiency of protein metabolism is about 1/3 of the efficiency for carbohydrates/fats and partially explains why energy is obtained from proteins in very small quantities, mostly when other sources of energy are not available.
Statistical Databases.
The energy required for bodily functions and physical activity has been summarized and tabulated by the U.S. FNB for humans from birth to adulthood. The Dietary Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino Acids (Macronutrients), published in 2002 [19] , contain the most updated nutrition information for US population. The values form this study, known as Dietary Reference Intake (DRI), are intended to serve as a guideline for nutrition and replace the Recommended Dietary Allowances last revised in 1989. One of the most innovative features of the DRI report is the use of the Double Labeled Water technique (DLW) for measuring the energy expenditure. DLW can be used over periods of 1 to 3 weeks on individuals leading their normal daily lives, instead of being subjected to laboratory conditions for few hours at a time [19] . Equations for energy requirements (EERs) as a function of age, weight and stature were presented in the DRI publication, as well as the recommended macronutrient distribution of food. These relations and values were used in this study to determine entropy generation.
Approximations.
(i) Nutrients, composed of carbohydrates, fats, and proteins will be modeled using glucose, palmitic acid, and average amino acids composition, respectively.
(ii) The metabolic efficiencies are assumed be constant over the lifespan. That is, the same rate of ATP and entropy generation per unit mole of glucose metabolized will be used for newborns and elderly.
(iii) Entropy exchanges with the environment like breathing in cold air/exhausting hot air and water evaporation through the skin are neglected. Entropy of refuse rejection is also neglected. Nutrients not metabolized (excess food) are assumed to leave the body without significant change in entropy.
(iv) EERs are used instead of basal metabolism (BMR) in order to include the entropy generated by physical activity, growing and tissue deposition, thermoregulation, and so forth.
(v) It will be assumed that energy requirements can be restricted by limiting the caloric content of the diet.
(vi) This study does not contemplate the effect of diseases, though some considerations on human health are presented.
(vii) Calculations will be made on the average male and female individuals of the U.S. population in the 50th percentile height and weight, and it will be assumed that a lowactive PAL is the best representation of the healthy average individual activity.
Once the lifetime entropy generation is determined, it will be used to predict changes in lifespan by modification on some of the initial assumptions.Two cases will be analyzed: change in the composition of the diet and change in the caloric content of the diet.
3.5.
Procedure. The procedure used for numerical integration is as follows (i) Age range from 0 to 90 years, with 0.25 year increments (trimester).
(ii) Growth data from CDC is used to obtain body size and weight as function of age for both genders and 50th percentile.
(iii) Age, stature, and weight are used to estimate EER for different PAL's, using DRI relations.
(iv) Using the recommended distribution range from U.S and the heating value of each nutrient, EER values are used to estimate food mass intake by nutrient group.
(v) The following equation, based on the previously discussed free-energy change and metabolic efficiency for every nutrient, is applied to obtain the entropy generated:
where η j is the metabolic efficiency of nutrient j.
(vi) All data is expressed per trimester and unit total body mass.
Analysis
The specific entropy generated as a function of age is calculated using
4.1. Base Case. Figures 1 and 2 present the entropy generation rate and cumulative value for the base case, as calculated in our previous publication [4] and presented here for reference. The y-axis on Figure 2 is the entropy generation over the steps of integration, equal to one trimester or 91.5 days. Entropy generation rate is always positive, and the rate declines rather quickly up to 18 years age; then it declines at a less steeper rate during the whole lifespan. Entropy generation rate at age 75 is 1/3 of that in a 1-year-old baby. It is noted that the rate is high since specific metabolic rates are high due to large surface area to volume ratio for smaller sized infants [12] . This entropy generation trend is also present in dogs [4] . Cumulative values of entropy show a steady increase over the human lifespan. For males, the total entropy generation at 74.63 years age (average lifespan from statistics) is 11 508 KJ/kg K, while females at 80.36 years age have total entropy of 11 299 KJ/kg K. These values have less than 2% difference, suggesting the idea of a fixed amount of entropy generation per unit body mass during lifetime. If the average value of 11 404 KJ/kg K is assumed to be the limit entropy generation, lifespan for males and females is predicted to be 73.78 and 81.61 years respectively.
Case1: Change in Diet Composition.
When the entropy generated by the metabolism of each nutrient is divided by its energy, an "entropy per unit energy" ratio (ENER) is obtained. For example, the heat release dur-ing metabolism of glucose is 15730 KJ/kg while entropy generated is 0.0345 KJ/kg K, hence the entropy to energy ratio is 0.002192 K −1 . For fat and proteins the ratios are 0.002176 K −1 and 0.00323 K −1 , respectively. Since metabolic efficiencies are similar for glucose and fats, the ENERs are similar. The proteins' metabolic entropy is expected to be high due to the low efficiency of the acid cycle transforming proteins to ATP. Thus thermal denaturation is severe for protein compared to glucose and fat.
The previous values suggest that for a similar profile of daily energy requirements, a change in the diet composition will change the total entropy generated. To evaluate this effect, three sets of different diet compositions were introduced to the base case, and entropy generation was recalculated. Table 2 presents the adequate macronutrient distribution range/adequate intake from U.S. FNB. AMDR/AI are expressed in ranges that do not always add up to a 100%, and the relative % of every macronutrient may change with the age. We used normalized average values over the lifespan.
The diet compositions analyzed were as follows.
(i) Base: Normal diet, all nutrients in the middle of the recommended AMDR/AI range in Table 2 .
(ii) Diet 1: Carbohydrates reduced to the minimum recommended by AMDR/AI, proteins remain the same as Base case and rest of the energy supplied by fat.
(iii) Diet 2: Both carbohydrates and protein reduced to the minima AMRD/AI; with fats supplying the difference to meet EER.
(iv) Diet 3: Carbohydrates almost absent from diet, protein with an average AMDR/AI value, and the remaining energy obtained from fat.
The diet 1 can be considered as a "low-carb diet". The diet 2 corresponds to the "entropy efficient" case where protein intake is reduced to the minimum recommended based on the assumption that proteins generate the most entropy. Proteins play an important role in synthesis of new tissue (growth) so the reduction in protein % is only introduced after 18 years age. Diet number 3 is considered an "esquimal diet", where carbohydrates are well below the minimum recommended, and most of the energy comes from fats and proteins. Table 3 shows the nutrients distribution for each set, while Table 4 presents, for each diet, the lifespan required to reach the limit entropy of 11 404 KJ/kg K. The entropy generation curves for male individuals are presented in Figures 3 and 4 . Figures 3 and 4 show that changes in diet composition do not affect significantly entropy generation, and all curves look very similar. However, diet 2 where proteins were reduced to a minimum shows an interesting reduction in entropy generation with the cumulative effect of increasing the age at which limit entropy is reached from 73.78 to 77.10 years. Diet 2 is showed in the dashed line while diets 1 and 3 overlap in a single thick line. [20, 21] show that CR diets activate the Sir2 component -a conserved deacetylase-that is related to increase in lifespan. Limited experiments suggest, the same effect replicates in humans and drugs (Resveratrol) can promote it. Additional studies are available in literature [22] , and the reader is recommended to consult those references if additional details are required.
For the scope of this study, two cases of CR diets will be analyzed. CR will be introduced in the base model by a % reduction in the total energy requirements over different age ranges. Table 5 shows the reduction factors used.
The reasoning behind the CR % reduction is that heavy restriction should not be considered for early ages when growth (physical and physiological) is important. In teenagers CR is introduced to help the body adapt to the future low-energy diet regime, and the restriction is maintained below 15% up to 30 years age because this For humans under CR diets, the predicted lifespan to reach limit entropy is dramatically increased when compared to the base case. For the diet 4, with an average CR reduction of 8%, the predicted lifespan increase is 6.16 and 7.31 years for males and females, respectively. Diet 5 has a weighted CR reduction of 18% and yields lifespan increments of 20.44 years for males and 23.96 years, females. Table 6 summarizes the results. 
Conclusions
The basic laws of thermodynamic were applied to biological systems, using a combination of theoretical background and available information from Biochemistry literature and nutrition databases. Entropy generated was determined for the metabolism of the typical components of human diet, and total entropy generation was estimated trough numerical integration for the average population. With the defined lifespan limit entropy, 11 404 KJ/kg K obtained in a previous work, considered as a base case, the effects of different diet compositions and diet caloric restrictions were investigated.
The percent distribution of fats and carbohydrates in the diet does not seem to have a significant impact on the predicted lifespan to reach limit entropy. When these nutrient % distributions are interchanged inside the recommended ranges, the average lifespan change is on the order of one trimester or less. This is expected since both fat and carbohydrates have similar entropy generation ratios. Even for an "esquimal diet" where carbohydrates are reduced to only 10% of the food intake, the lifespan entropy change is negligible.
For proteins the results are completely different. Proteins yield a very low efficiency in forming ATP by metabolism; therefore the change in the diet % of protein causes significant entropy differences from the base case. In a diet where protein intake was reduced to the minimum recommended level, the increase in predicted lifespan was found to be 3.07 years for males and 3.62 for females.
When the caloric content of the diet is reduced, the general effect is that lifespan to reach limit entropy increases in a similar (but not the same) proportion as the timeweighted-average caloric restriction. A calorie restriction (CR) diet with a weighted average CR restriction of 8% predicted lifespan increases of 6.16 and 7.31 years for males and females respectively. These represent increments of 8.3% and 8.9% over the base case lifespan. For a diet with a CR restriction of 18%, the increases were 20.44 and 23.96 years, or increments of 27.7% and, 29.36%, for males, and females, respectively.
Since entropy generation rate changes with age, the period of time in which CR diet is applied seem to have a definite effect on the proportion between CR % and lifespan increase %.
To sum up, this work indicates that effective ways to increase lifespan are to reduce the diet protein intake to the minimum recommended for a healthy diet and to reduce the lifetime average caloric intake by 5-10%. However, no health or disease consideration had been taken into account, and these thermodynamic calculations do not explain or prove how the process of "thermal denaturation" (heat effects on structural changes) or aging works. More research in the area is clearly needed.
